Intercalation cathode materials belonging to the 4-volt class electrodes, lithiated cobalt oxide LiCoO 2 and lithiated nickel cobalt oxide LiCo 0.4 Ni 0.6 O 2 , were synthesized by sol-gel technique.
INTRODUCTION
Lithium cobalt oxide (LiCoO 2 ) is extensively used as a cathode material in commercially available Li-ion batteries due to its high energy density and good cycle-life performances.
However its major drawbacks are high price and toxicity of cobalt. To overcome these problems, various cathode materials without cobalt, such as LiM x Ni y O 2 where M is one of the transition or alkaline earth metals have been used. However the battery performances of LiCoO 2 are superior to other cathode materials. Therefore, the present study was focused to reduce the cost and toxicity of Co by replacing 60% of Co by a cheaper and non-toxic element Ni.
The electrochemical properties of cathode materials mainly depend on the structure and morphology of the materials characteristic to different synthesis methods. High temperature (HT) and low temperature (LT) synthesis are commonly used for solid state preparation of cathode materials. The HT preparation method produces larger particles with lower cell capacity, and LT preparation methods, such as sol-gel process using a complexing/chelating agent, produces fine particles with higher capacity [1, 2] . Lithium cobalt nickel oxides have also been synthesized by others using aqueous or alcoholic solution of various carboxylic acids [3, 4] . In the present study we have tried another widely used chelating agent, citric acid, for the synthesis of oxides.
The aim of the present work is to study the structural and electrochemical properties of LiCoO 2 and LiCo 0.4 Ni 0.6 O 2 synthesized by sol-gel method and testing the performances in the 4-volts class Li-ion batteries.
METHODOLOGY
Lithium nitrate, LiNO 3 and cobalt nitrate Co(NO 3 ) 2 .6H 2 O and nickel nitrates, Ni(NO 3 ) 2 .6H 2 O (all are analytical grade Merck products) were used as starting materials and they were dried at 120 °C for 24 hours before preparation of samples. Nitrates of lithium and cobalt were weighed according to cationic ratio to synthesis of LiCoO 2 . Nitrates of nickel, lithium and cobalt were weighed according to cationic ratio to synthesis LiCo 0.4 Ni 0.6 O 2 , and made two separate solutions in ethyl alcohol ( 99.9% purity). The extensively mixed alcoholic solutions of lithium, or/and nickel (for preparation of LiCo 0.4 Ni 0.6 O 2 ) and cobalt nitrates, and citric acid (99.7% purity) solution were added to alcohol under constant stirring. The equivalent volume amount of acid to metal ions ratio was used. Thoroughly mixed alcoholic solutions of nitrates were heated under constant stirring at 80 °C for 2 h, to make the mixture denser and to form 'sol'. The 'sol' was then heated at 120 °C until a gel was formed and subsequently vacuum dried. The dried mass was collected and subjected to a further heat treatment at 800 °C for 12 h in air to obtain LiCoO 2 and LiCo 0.4 Ni 0.6 O 2 respectively. The characteristics of the compounds were studied using XRD, FTIR and DSC.
The synthesized compound, 10% of acetylene black and 15% of PVDF were dissolved in DBP (Dibutyl Phthalate) for making composite electrode. The slurry was applied uniformly on a thin polythene sheet and dried under vacuum. Thin circular membranes were cut from the film and mounted in a coin type (CR2430) cell, with metallic lithium as the counter and reference electrodes, and Celgard 2400 membrane as the separator. A solution of 1M LiPF 6 in EC/ DMC with 1:1 by volume prepared in an argon-filled glove box was used as the liquid electrolyte in the cell. The cell properties were measured with a MacPile potentiostat-galvanostat instrument. After the electrochemical test, the changes to the structure of the LiCoO 2 and LiCo 0.4 Ni 0.6 O 2 cathode materials were tested using XRD.
Lithium-ion cells were assembled with synthesized materials as composite cathode and vein graphite as composite anode. Other components and preparation method were same as above. All the X-ray peaks could be indexed by assuming a hexagonal lattice structure of the α-NaFeO 2 type. The unit cell lattice parameters a and c of the cathode materials are listed in table 1.
As the intensity ratio I (003) /I (104) is a key parameter indicating the degree of occupation of nickel ions in lithium predominating layers. There is a clear splitting of the (006) -(012) The relative intensity ratio (RIR) of (003) and (104) peaks and/or RIR of (101)/ (012, 006) are considered to be indications of the ordering of lithium and transition metal [5] . The lattice parameters of synthesized LiCoO 2 are comparable to the JCPDS (50-653) index values of a = 2.81498 Å and c = 14.0493 Å. Fig. 2 also shows that the relative intensity ratio of (003) and (104) peaks in the LiCoO 2 is higher than in theoretical ratio 0.87 by assuming complete occupation of transition metals.
The lattice parameter a of LiCo 0.4 Ni 0.6 O 2 is similar to the reported value in the JCPDS (50-509) index but parameter c is slightly higher than the value of the commercial lithium nickel cobalt oxide value of c = 13.91 Å. The relative intensity ratio of (003) and (104) peaks synthesized material is about 45% higher than the theoretical ratio of 1.1765. The other important features of these layered-type compounds are the well defined doublets in our case (006, 012) and (018, 110). has a smaller ionic radius than Ni 3+ (0.70 Å).
Spectroscopic studies
FTIR spectroscopy is capable of probing directly the surrounding environment of the cation (lithium ion) and the unique fingerprint of the Li site occupancy in the α- The frequency shift of both stretching and bending modes as a function of the cobalt substitution leads to the cationic disorder in the Co y Ni (1-y) O 2 slabs [7] . The frequency shift of the LiO 6 mode is attributed to slight change of the inter slab distance (c hex cell parameter) and the small mixing of Li-O stretching and O-M-O bending motion present in the low frequency range. Fig. 3 
Cyclic voltammetry
Cyclic voltammetry is a more sensitive technique for the detection of phase transformations and that of non-uniform distribution of metal ions in the crystals lattice: or presence of a second phase as compared to powder XRD [10] [11] . The main anodic and cathodic peak voltages decreases and the peaks become sharper, indicating better reversibility of the electrode. It can be concluded that reversible Li deintercalation/intercalation is possible in LiCoO 2 in the 2.75 V-4.40 V voltage range. However, phase transformation from hexagonal to monoclinic phase, occurring between 4.10 V and 4.20 V vs. Li/Li + , induces a non-uniform volume change along the `c΄ direction, due to strains and extended defects (micro cracks) between and within the particles, resulting in increased cell capacity fading [12] .
Galvanostatic charge-discharge
In order to study the electrochemical performance of LiCoO 2 and the effect of Ni substitution on the deintercalation voltage of LiCoO 2 , the galvanostatic charging and discharging at slow current rate of 5 and 10 A kg . Generally, oxidation of Ni 3+ ions is prior to oxidation of Co 3+ [13] . for LiCoO 2 at and decreases from 7% to 17% for the 15 th cycle, indicating smaller capacity fading for the latter.
XRD studies after cycling
The XRD is performed in order to observe any structural changes induced during the electrochemical charge-discharge cycling. The unit cell lattice parameters, `a΄ and `c΄, of the cathode materials after 15 cycles, listed in table 3. 
Electrochemical performance of Li-ion batteries
The active materials in Li-ion batteries operate by reversibly incorporating lithium in an intercalation process. The synthesized LiCo 0.4 Ni 0.6 O 2 as cathode material and vein graphite as the anode material were performed in Li-ion batteries in our experiments. When a Li-ion battery is charged, the cathode material (LiCo 0.4 Ni 0.6 O 2 ) is oxidized and the anode material (graphite) is reduced. As metallic lithium is not present in the cell, Li-ion batteries are chemically less reactive, safer, and offer longer cycle life than possible with rechargeable lithium batteries that employ lithium metal as the negative electrode material. Fig. 9 shows that the overall capacity retention of the Li-ion batteries made using different types of natural graphite and synthesized cathode material are between 19% -41%, indicating larger capacity fading during the progressing of cycles. It is noticed here that the overall capacity retention of the Li-ion batteries which are made using different types of natural graphite and cathode material, is not quite good. 
CONCLUSION
The sol-gel synthesized LiCoO 2 shows an interesting high reversible capacity for the lithium intercalation/deintercalation process and a good cycleability even at high anodic potential up to 4.40 V and then degradation processes usually occur. However fully intercalated phase of LiCo 0.4 Ni 0.6 O 2 is not recovered during the first discharge cycle due to the s-block or p-block metal substitution and a poor cycleability is observed due to impurity content. This could be probably due to a kinetic reason especially as the LiCo 0.4 Ni 0.6 O 2 phases are poor electronic conductors.
Furthermore, the LiCoO 2 cathode material has shown a quite interesting value of charge retention upon cycling. The specific capacity remains at about 90% of the theoretical value after more than 15 cycles. These results confirm the satisfactory electrochemical performance of the above material when operating as cathodes in Li-ion battery systems. This preparation method can be considered as a new route to form better cathode materials by changing variables in sol-gel synthesis which enhances both the purity, and even more importantly, the morphology of the powders.
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